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Abstract 

Our original suggestion to investigate exclusive ir° electroproduction as a method for extracting 
from data the tensor charge, transversity, and other quantities related to chiral odd generalized 
parton distributions is further examined. We now explain the details of the process: i) the connec- 
tion between the helicity description and the cartesian basis; ii) the dependence on the momentum 
{N) transfer squared, Q 2 , and Hi) the angular momentum, parity, and charge conjugation constraints 

(J quantum numbers). 
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I. INTRODUCTION 



The recent development of a theoretical framework for deeply virtual exclusive scattering 
processes using the concept of Generalized Parton Distributions (GPDs) has opened vast 
opportunities for understanding and interpreting hadron structure including spin within 
QCD. Among the many important consequences is the fact that differently from both in- 
clusive and semi-inclusive processes, GPDs can in principle provide essential information 
for determining the missing component to the nucleon longitudinal spin sum rule, which 
is identified with orbital angular momentum. A complete description of nucleon structure 
requires, however, also the transversity (chiral odd/quark helicity-flip) GPDs, HT(x,£,t), 
Ex(x,^,t), H T (x,£,t), and E T (x,^,t) pQ. Just as in the case of the forward transversity 
structure function, hi, the transversity GPDs are expected to be more elusive quantities, not 
easily determined experimentally. It was nevertheless suggested in Ref. [2] that deeply virtual 
exclusive neutral pion electroproduction can provide a direct channel to measure chiral-odd 
GPDs so long as the helicity flip (oc 75) contribution to the quark-pion vertex is dominant. 
This idea was borne amidst contrast, based on the objection that the 75 coupling should be 
subleading compared to the leading twist, chiral-even (oc 7^75) contribution. It was subse- 
quently, very recently, endorsed by QCD practitioners [3]. Furthermore, experimental data 
from Jefferson Lab Hall B jl] are now being interpreted in terms of chiral-odd GPDs. What 
caused this change and made the transversity-based interpretation be accepted? 

Within a QCD framework at leading order the scattering amplitude factors into a nucleon- 
parton correlator described by GPDs, and a hard scattering part which includes the pion 
Distribution Amplitude (DA). Keeping to a leading order description, the cross sections four- 
momentum squared dependences are ol ~ 0(1/ Q 6 ) and ot ~ 0(1/ Q s ), for the longitudinal 
and transverse virtual photon polarizations, respectively. It is therefore expected that in the 
deep inelastic region will be dominant. Experimental data from both Jefferson Lab [U E] 
and HERA [6] on meson electroproduction show exceedingly larger than expected transverse 
components of the cross section. Clearly, an explanation lies beyond the reach of the leading 
order collinear factorization that was first put forth, and more interesting dynamics might 
be involved. In Ref. [2] it was noted that sufficiently large transverse cross sections can be 
produced in tt° electroproduction provided the chiral odd coupling is adopted. Since all 
available data are in the few GeV kinematical region it should not be surprising to find 
such higher twist terms to be present. What makes it more difficult to accept is that the 
longitudinal components of the cross section should simultaneously be suppressed. Also, 
given the trend of the HERA data, why is this canonical higher twist effect seemingly not 
disappearing at even larger Q 2 values? In order to answer this question, in this paper we 
carefully address, one by one, the issues of the construction of helicity amplitudes and their 
connection with the cartesian basis (Section [Tl]), the Q 2 -dependence (Section III), the role 
of t-channel spin, parity, charge conjugation and their connection to the GPDs crossing 
symmetry properties (Section IV), finally giving our conclusions in Section |V} 
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FIG. 1: Left: Leading order amplitude for DVMP, 7* + P — > M + P' . Notice that differently from 
Refs. [3 [8], we adopt the symmetric scheme of kinematics where P = (P + P') /2 (see Ref.[9] for a 
review). Right: Hard scattering contribution to the DVMP process, where eft is the outgoing meson 
distribution amplitude. 



II. CROSS SECTION IN TERMS OF GPDS 



The amplitude for Deeply Virtual Meson Production (DVMP) off a proton target is writ- 
ten in a QCD factorized picture, using the helicity formalism, as the following convolution 
over the quark momentum components [21 E] , 



A^,A:0,A' 



^ / dxd 2 k ± gA y ,\;Q,\>(3;,k±,£,t)A A > } x';A,\(x,k±,t,t) 

A, A' J 



(1) 



where the variables x,£,t are x = (k + + k'+)/(P + + P'+), £ = A+/(P+ + P'+), t = A 2 ; the 
particles momenta and helicities, along with the hard scattering amplitude, <7a t ,A;0,a', and 
the quark-proton scattering amplitude, 4a',a';A,a> are displayed in FigjlJ The Q 2 dependence 
is omitted for ease of presentation. 

In our approach the chiral even contribution is sub-leading (see Section 3). As explained in 
detail in Refs. [21 [8], for the chiral odd contribution to 7r° electroproduction only <7i+,o- = gr, 
and go+,o- = 9li are different from zero. Furthermore g^ is suppressed at 0(k ; ± /Q). Their 
expressions are 



A,v 

g T 



where g^ dd {Q) describe the pion vertex. The labels A, V describe axial-vector and vector 
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9l dd {Q) 



x — £ + ie x + £ 

u=t r 1 
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Q' 1 



x — £ + ie x + £ — ie 



tn-t 



(2) 
(3) 



exchanges as we will explain in Section III Notice that the coefficients C from the quark 
propagator is even under crossing. Using the allowed hard scattering amplitudes we obtain 
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the following six independent amplitudes, of which four are for the transverse photon, 
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and two for the longitudinal photon, 

fb = fo+,o- 
fe = fo+,o+ 



go+,0- ® -4--,++ 
#o+,o- ® ^4+-,++, 



(4a) 
(4b) 
(4c) 
(4d) 



(5a) 
(5b) 



The 7r° electroproduction cross section is given by, 



dQd62d(f)dt 
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(6) 



where, T = (a/2n 2 )(k'Jk e )(k 1 /Q 2 ) / (1 



with fc e , fcg being the initial and final electron 



energies, fc 7 the real photon equivalent energy in the lab frame, h = ±1 for the electron beam 
polarization, e and = Q 2 /u 2 e, are the transverse and longitudinal polarization fractions, 
respectively pm E] , and the cross sections terms read, 
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(7c) 
(7d) 
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with M = (tt/2)/[s(s — M 2 )]. In order to understand how the chiral odd GPDs enter the 
helicity structure we need to make a connection between the helicity amplitudes in Eqs.(4|5), 
and the four Lorentz structures for the hadronic tensor first introduced in Ref. [1] (cartesian 
basis), 
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where % = 1,2, and is the transverse photon polarization vector. An explicit calculation 
of each factor multiplying the GPDs in Eq.(j8|) yields, 
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with, / = 1/[2^1 -«£ 2 ]. We now take in the expressions above the combinations, 
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where _/r = ^r> er, ftr, ey, and without loss of generality consider all vectors lying in the x-z 
plane with 
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Eqs.( JTTp2p3| ) provide the connection between the cartesian and helicity bases: they give the 
coefficients multiplying the GPDs which enter each one of the helicity amplitudes, /i(A, A' = 
++), / 2 (A, A' = +-), / 3 (A, A' = -+), / 4 (A, A' = — ), / 5 (A, A' = ++), / 6 (A, A' = +-). 
The GPD content of each amplitude therefore is, 
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where we write, 

Jr(£,*,Q 2 ) 



dxC~ F T (x,£,t,Q 2 ) F T = -HT,S T ,n T ,S T . 
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The quark flavor content of the quark-proton helicity amplitudes for tt° electroproduction 
is, 

A\',A';A,A = e n ^4A',A';A,A — e dAA.',A';A,A- 



The amplitudes for longitudinal photon polarization, / 5 and /g are obtained similarly, by 
working out Eqs.(5a|5b) (details are given in Ref.JH]). 

We now proceed to discuss the Q 2 dependence of the process. Our description of the 
hard scattering part, FigjTJ yields Q 2 dependent coefficients appearing in the various helicity 
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amplitudes, 
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2M(l + 2 

These coefficients are derived accordingly to the values of the — t-channel J PC quantum 
numbers for the process. They describe an angular momentum dependent formula that we 
discuss in detail in the following Section. 

From our discussion so far, it clearly appears how the interpretation of exclusive meson 
electroproduction, even assuming the validity of factorization, depends on several compo- 
nents which make the sensitivity of the process to transversity and related quantities hard 
to disentangle. For a more streamlined physical interpretation of the cross section terms, 
one can define leading order expressions, i.e. take the dominant terms in Q 2 in Eqs.(15), 



and small £ and t in Eqs.( 14p5 ). Then the dominant GPDs contributions to Eqs.([7]) can be 
singled out as, 
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(16) 
(17) 

(18) 
(19) 

(20) 



where r = (t — t)/2M 2 , and we have redefined £t = 27-L T + £ T according to 

Very little is known on the size and overall behavior of the chiral odd GPDs, besides that 
Ht becomes the transversity structure function, hi, in the forward limit, £t's first moment 
is the proton's transverse anomalous magnetic moment [T2], and E^s first moment is null 
p. To evaluate the chiral odd GPDs in Ref. jH] we propose a method that, by using Parity 
transformations in a spectator picture, allows us to write them as linear combinations of the 
better determined chiral even GPDs [7j. 

Based on our analysis we expect the following behaviors to approximately appear in the 
data: 
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(GeV 2 ) 



FIG. 2: (color online) dax/dt + eLdaL/dt, darr/dt, and do lt calculated using the physically mo- 
tivated parametrization of Ref.|8j, plotted vs. —t for XBj = 0.37, and Q 2 = 2.35 GeV 2 , along with 
data from Hall B [4J. The hatched areas represent the theoretical errors for the parametrization, 
which are mostly originating from the fit to the nucleon form factors [7, 8j. 

i) The order of magnitude of the various terms approximately follows a sequence determined 
by the inverse powers of Q and the powers of y/t a — t: da T /dt > da TT /dt > do lt/l't/ dt > 
dcr L /dt] 

ii) dar/dt is dominated by %t at small t, and governed by the interplay of Ht and £t at 
larger t; 

in) da^jdi and dair/dt are directly sensitive to Tir', 

iv) daTr/dt and da^r/dt contain a mixture of GPDs. They will play an important role in 
singling out the less known terms, Ej<, E?, and Ex- 

The interplay of the various GPDs can already be seen by comparing to the Hall B data jl] 
shown in in Fig|2j One can see, for instance, that the ordering predicted in i) is followed, 
and that dar/dt exhibits a form factor-like fall off of Ht with —t. 

III. PSEUDO-SCALAR MESON COUPLING 

The hard part of 7*p — > n°p' involves the 7* + u(d) — > it° + u(d) amplitudes (Figjl]). 
In the longitudinal 7* case the near collinear limit (— t << Q 2 ) admits at leading order, 
amplitudes in which the quark does not flip helicity. The 7r°'s non-flip quark vertex is 
via a 7^7 5 coupling, which corresponds to a twist-2 contribution. The non-flip transverse 
contribution is suppressed - twist-4. For transverse 7* the quark can also flip helicity in 
the near collinear limit. This is accomplished through a vertex with 7 s coupling giving the 
same Q 2 dependence as in the non-flip case. However, based on the role of J PC quantum 
numbers (Section 3), we argue that these transverse amplitudes will be dominating DVMP 
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cross sections in the multi-GeV region. 

The 7r° vertex is described in terms of Distribution Amplitudes (DAs) as follows [T3"l Q3] , 



V = Kf v {75 if Mr) + 75jM>?V)} (21) 

where /„- is the pion coupling, fi n is a mass term that can e.g. be estimated from the gluon 
condensate, 4>tt{t) and (J)^\t), t being the longitudinal momentum fraction, are the twist-2 
and twist-3 pion DAs, respectively describing the chiral even and chiral odd processes. We 
now evaluate the Q 2 dependence of the process. In Ref.|15j. by assuming a simple collinear 
one gluon exchange mechanism it was shown that for the chiral even case, 



By inserting Eq.(21) in Eqs.( 2p ), based on the same mechanism, in the chiral-odd case one 
has 

da° T dd 1 da° T dd 1 

Notice that: i) for the chiral-odd coupling the longitudinal term is suppressed relatively to 
the transverse one, already at tree level; ii) based on collinear factorization, the chiral-even 
longitudinal term should be dominating. In what follows (Section 4) we show, however, that 
by taking into account both the GPD crossing properties, along with the corresponding J PC 
quantum numbers in the i-channel, the allowed linear combinations of chiral-even GPDs 
that contribute to the longitudinal cross section terms largely cancel each other. As a 
consequence, the chiral-odd, transverse terms dominate. 

We conclude that spin cannot be disregarded when evaluating the asymptotic trends of the 
cross section. 

In addition to assessing the impact of the correct GPD combinations to tt° electropro- 
duction, we also developed a model for the hard vertex that takes into account the direct 
impact of spin through different J PC sequencings. A model that has been followed is the 
modified perturbative approach ([3] and references therein), according to which one has 

#a 7 .,a ; o,a' = J dr J d%f A ^ ) x ; o ) x'(Q 2 ,r,b)a s (fi R )exp[-S]Mr,b) ( 24 ) 

where J-\ „ ,A;o,A' is the Fourier transform of the hard (one gluon exchange) kernel, S is the 
Sudakov form factor, <f) n is the pion distribution amplitude in impact parameter, b, space, 
fin is a renormalization scale. In the collinear approximation one obtains the simplified Q 2 
dependences of Eqs.( 22p3 ). 



As we explain in Section 4, there exist two distinct series of J PC configurations in the 
i-channel, namely the natural parity one (1 ,3 ...), labeled V, and the unnatural parity 
one (l + ~, 3 + ~...), labeled A. We hypothesize that the two series will generate different 
contributions to the pion vertex. We consider separately the two contributions 7*(gg)y — > n° 
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and ^f*(qq)A ^° to the process in Fig. lb. What makes the two contributions distinct is 
that, in the natural parity case (V), the orbital angular momentum, L, is the same for the 
initial and final states, or AL = 0, while for unnatural parity (A), AL = 1. We modeled this 



difference by replacing Eq.(24) with the following expressions containing a modified kernel 



SV,a ; o,a' = J dx x dyx J dbip v (yx,b) ^^((J ,a?i,2/i, b)a s (ji R ) exp[-S] (j)«o(x x , b) 

= gl odd {Q) C~ (25) 

9k\*,\-o,\> = J dxxdyx J d 2 bip A (yx, b) A 7 ,,a ; o,a'(Q 2 ; x u l/i, b)as(fj, R ) exp[-S] ^(xi, b) 

= gtUQ) Cr (26) 



MVi,b)= d 2 k T Jx{yib)ij v {y u k T ) (27) 



where, 



Notice that we now have an additional function, VV(A)(2/i 3 b) that takes into account the 
effect of different L states. The higher order Bessel function describes the situation where L 
is always larger in the initial state. In impact parameter space this corresponds to configura- 
tions of larger radius. The matching of the V and A contributions to the helicity amplitudes 
is as follows: fx, Ja oc g v , f% oc g v + g A , f$ oc g v — g A , thus explaining the Q 2 -dependent 



factors in Eqs.(15) 



In summary, we introduced a mechanism for the Q 2 dependence of the process ^*qq — > n°, 
that distinguishes among natural and unnatural parity configurations. We tested the impact 
of this mechanism using the modified perturbative approach as a guide. Other schemes could 
be explored [16J. 

In the following Section, we validate our approach by showing the importance of the J PC 
structure. 



IV. SPIN, PARITY, AND CHARGE CONJUGATION 

Viewed from the t— channel the process is 7* + 7r° — > (u + u) or (d + d) — > N + N. 

A. NN states 

The NN states have well known angular momenta decompositions that we tabulate for 
reference in Table [T| Before continuing with the t-channel picture it is important to specify 
clearly what the operators are whose matrix elements are being evaluated between nucleon 
states, 

( P ',X'\j(~)ripQ\p,\) (p' 3 A';pA i ^ (-|) T-0 (I) I 0) , (28) 

where for 7r° electroproduction F = 7^75, <r +M 75. To study their correspondence to the t- 
channel J PC quantum numbers they are expanded into an infinite series of local operators 



10 



C 1 T 

S/L 





1 


2 


3 


4 ... 





o-+ 


1+- 


2-+ 


3+- 


4-+ 


1 


1~ 


0++ 


1— 


2++ 


3~ 






1++ 


2~ 


3++ 


4~ 






2++ 


3~ 


4 ++ 
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TABLE I: J PC of the NN states. 
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2~ (1;2) 3+ 


"(0;3) 4— (1;4) 



TABLE II: J PC of the axial operators with (S; L) for the corresponding NN state. Where there 
are no (S; L) values there are no matching quantum numbers for the NN system. 



which read |17j . 



0\ = t/5(0) 7 { ^ M1 



(29) 
(30) 



for the axial- vector, and tensor cases, respectively (note that tensor corresponds to a C-parity 
odd operator, while the axial vector has a C-parity even operator). 

The matrix elements of these operator series have different form factor decompositions, 
and correspondingly different J PC series [T7H20] . In Table [n] we show the J PC values for the 
states 0\ | 0) along with the corresponding (S, L) values for the NN states. 1 In Table III 
we show the tensor operators. There are two sets of J PC values, depending on whether a - 7 
or cr 3j are considered, with opposite P and same J . For the <r +J = <j°i + <r 3jf components, 
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TABLE III: J PC< of the tensor operators cr - 7 and a^ k with (5; L) for the corresponding AW state. 



1 There are no (S,L) combinations for NN states that can yield the exotic j( ^ '( 1 ) J+ , so those latter 
are not connected. 
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CO 
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A 7 = 
| A 7 |= 1 


1+- 
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0~ ,1~ ,2— 


l+-,2+-,3+- 
1+-.2+-.3+- 


2— ,3— ,4— 


3+-,4+-,5+- 
3+-,4+-,5+- 



TABLE IV: J PC of the 7*vr° states. 



the two parity sequences will both be present for each J and C. Considered separately we 
see that a - 7 connects to the NN 5 = 1 states while a 3 - 7 connects to the NN 5 = and 1 
states. 



B. 7*7r° states 



The 7* + 7T° state must be C-parity negative. The lowest J PC series that can be involved 
will be (1 ,2 ,3 , . . .) and (l + ~, 2 + ~, 3 +_ , . . .). For helicity 0, or longitudinal 7*, the 
coupling to the t-channel is in an eigenstate of C-parity. That requires L-excitations to be 
even, since C = (— 1) L+1 . For the transverse 7* the allowed J PC values can have either 
L-even or odd, since C is not an eigenvalue then. Forming symmetric or antisymmetric 
combinations of the two transverse states selects the C-parity. So allowed quantum numbers 
are 1 with all L excitations and l +_ with even L excitations to guarantee C = — . That 
is J = (L — 1, L, L + 1) . These are collected in Table IV 

We see in Table IV that (l + ~, 3 + ~, . . .) will be candidates for one series of couplings, 

0, J = L sequence in Table |TJ Analogously, the (2 ,4 , . . .) 

1, J = L for the NN couplings. The (l + ~, 3 + ~, . . .) J PC values 

",...) series occurs in both 



corresponding to the 5 
series corresponds to 5 



occur in the tensor, chiral odd case (Table III), while the (2 ,4 , . . 
the axial, chiral even case (Table [TT]) and the tensor case (Table III). 



C. Connection to GPDs 



How are these n-operators connected to the GPDs? In Ref. [TT] the basic scheme is 
explained. It is a natural generalization to off-forward scattering of the Mellin transform 
method for PDFs. From the connection between Mellin moments and J PC quantum numbers 
it can be shown how the GPDs can be decomposed into sequences of t— channel quantum 
numbers. For the chiral even vector and axial vector case these relations [20J are reproduced 
in Table W\ The corresponding tensor, chiral odd case has not been decomposed previously. 
We derive this case in the following and display the results in Table |VI| 



1. Axial GPDs 



The combinations of axial GPDs in Table |v| can be compared with the J PC values accessed 



by 7T° production in Table IV 



By analogy with the formalism of parton distributions, we define F q (x,£,t) (F = H,E) 
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Cmral Even GP-D 




H(x,a,t)-H(-x,Z,t) 




++ 


2 ++ , . . . 


(S 


= 1) 


E{x,£,t) - E(-x,£,t) 




++ 


2 ++ , . . . 




= 1) 


TT ( /- J.\ i TT i f~ J.\ 

H(x,£,t) + H(-x,t;,t) 




1++ 


3 ++ , . . . 


(S 


= 1) 


E(x,t,t) + E(-x,£,t) 


r, 1 

+ 


-i 4-4- 


2 + , 3 ++ , . 


f ry 

■ (s = 


= 0,1) 


H(x,Z,t) + H(-x,£,t) 




1~ 


3—, ... 


(S 


= 1) 


E(x,S,t) + E(-x,£,t) 




1~ 


3^, ... 


(S 


= 1) 


H(x,Z,t)-H(-x,£,t) 




2" 


4—, ... 


(S 


= 1) 


E(x,Z,t)-E{-x,£,t) 


1+- 


, 2~ 


3+-, 4—, . 


. (S = 


= 0,1) 



TABLE V: J decompositions for the chiral even GPDs. The C-parity even (odd) combinations 
are in the upper (lower) section. 



in the interval — 1 < x < 1, with the following identification of anti-quarks, 

F 9 (x,£,t) = -F q (x,£,t) x<0. (31) 

From this expression one defines 

F~ = F q (x,Z,t)+F q (-x,£,t) (32) 
F+ = F q (x,£,t)-F q (-x,Z,t), (33) 

where F~ is identified with the flavor non singlet, valence quarks distributions, and Yl q Fq~ 
with the flavor singlet, sea quarks distributions. Similarly, 

F~ = F q (x,£,t)-F q (-x,S,t) (34) 
F+ = F q (x,£,t) + Fg(-x,Z,t). (35) 

The C-parity odd values that connect with 7*7r° are in H~ and E~ . In the former, contribu- 
tions begin with 2 . This is the lowest of the non-singlet, chiral even t-channel contributions 
to the 7T° production. Now H (x, 0,0) = gi(x) contributes significantly to the longitudinal 
asymmetry in the nucleon PDFs. For the process here, however, the J PC = 2 will sup- 
press the non-singlet contribution for small x and | t |. The considerably smaller value of 
the longitudinal cross section for 7r° corroborates this conclusion. The E is known to receive 
a large contribution from the 7r pole, although that pole does not enter the neutral 7r pro- 
duction. After the pion pole is removed the values of E are expected to be much smaller. 
These observations suggest the importance of the chiral odd contributions. 



2. Tensor GPDs 



We continue with the same logic for the chiral odd decompositions in Table VI The two 



sequences of J and J + contribute equally to the chiral odd GPDs and couple to the 
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Chiral Odd GPD 


J' 


- c 












J+ c 


H T {x,Z,t)-H T (-x,Z,t) 


T 


+ ,4" 


+ 

7 * • • 


(S = 


0) 






V 


+ , 3 ++ . . 


• {s = i) 


Er{x,€,t) - E T (-x,£,t) 


2~ 


+ A — 


, . . . 


( C* 


0) 






r 


+ , 3 ++ . . 


(a 1 \ 

■ (S = l) 


HT{x,€,t) - H T (-x,€,t) 
















v 


— r Qi r 

,0 , . 


..(5=1) 


E T (x,£,t) - E T (-x,£,t) 


2~ 


» 4 


7 * * • 


(S = 


0) 






3 


l_ -_l l_ 

+ , 5 ++ . . 


• (s = i) 


H T (x,Z,t) + H T (-x,Z,t) 


1- 


2- 


3— . 






(5 = 


1) 




~, 3+- .. 


. (S=0) 


E T (x,Z,t) + E T (-x,£,t) 


1" 


_ , 2- 


_ , 3^ . 






(S = 


1) 


i H 


- 3+~ .. 


• (s=o) 


HT(x,Z,t) + H T (-x,S,t) 


1" 


-, 2" 


3— . 






(S = 


1) 








E T (x,Z,t) + E T {-x,£,t) 


T 


-, 3" 


4— . 






(S = 


1) 


3- 


-,5+- .. 


• (s=o) 



TABLE VI: J decompositions for the chiral odd GPDs. The C-parity even (odd) combinations 
are in the upper (lower) section. 



7t° production. These sequences correspond to the p, u (vector) and 6j, h\ (axial- vector) 
mesons with even L excitations. The decomposition into the t-channel of the matrix elements 
of the non-local quark correlators into the two distinct series of local operators lead us to 
distinguish two different dependences on Q 2 of the n° coupling, g^ odd (Q) (p, oj series, lower 
left in Table VI, and g^ odd (Q) (&i, h\ series, lower right in Table VI) as discussed in Section 

nm 



V. CONCLUSIONS 



Exclusive pseudo-scalar meson electroproduction is directly sensitive to leading twist 
chiral-odd GPDs which can at present be extracted from available data in the multi-GeV 
region. We examined and justified this proposition further by carrying out a careful analysis 
of some of the possibly controversial issues that had arisen. After going through a step by 
step derivation of the connection of the helicity amplitudes formalism with the cartesian 
basis, we showed how the dominance of the chiral-odd process follows unequivocally owing 
to the values allowed for the t-channel spin, parity, charge conjugation and from the GPDs 
crossing symmetry properties. This observation has important consequences for the the 
Q 2 -dependence of the process. Our J PC analysis supports the separation between the Q 2 
dependence of the photo-induced transition functions for the even and odd parity combi- 
nations into 7T° thus reinforcing the idea that spin related observables exhibit a non trivial 
asymptotic behavior. Finally, in an effort to streamline the otherwise cumbersome multi- 
variable dependent structure functions, we presented simplified formulae displaying leading 
order contributions of the GPDs and their Q 2 dependent multiplicative factors. A separa- 
tion of the various chiral-odd GPDs contributions can be carried out provided an approach 
that allows to appropriately fix their parameters and normalizations is adopted as the one 
we presented here. 

We thank P. Kroll, V. Kubarovsky, M. Murray, A. Radyushkin, P. Stoler, C. Weiss, for 
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